Introduction

!
Barrett's esophagus is defined as replacement of the normal squamous epithelium of the tubular esophagus by intestinal metaplasia in a region proximal to the gastroesophageal junction (GEJ) [1] . Barrett's esophagus is the only established premalignant condition for esophageal adenocarcinoma (EAC), a cancer with a dismal 5-year survival rate. EAC has been observed to be the most rapidly increasing cancer in the United States [2] ; its annual incidence is reported to be between 0.12 % and 0.5 % in individuals with Barrett's esophagus [3 -5] . Intestinal metaplasia can exhibit histologic transformation through stages of low grade dysplasia and high grade dysplasia to EAC [6] . The high rate of progression of high grade dysplasia to EAC without treatment is well described [7] . The reported incidence of high grade dysplasia arising from nondysplastic Barrett's esophagus is 0.48 % per year and from low grade dysplastic Barrett's esophagus is 1.6 % per year [8, 9] . In contrast, the risk of EAC developing from nondysplastic Barrett's esophagus is 0.2 % per year and from low grade dysplastic Barrett's esophagus is 0.44 % per year [5, 8 -10] . Some have cited higher figures for the progression of low grade dysplasia to high grade dysplasia and EAC (up to 13.6 % per year) [11, 12] . Several investigators have suggested that the endoscopic ablation of nondysplastic and low grade dysplastic Barrett's esophagus could lead to the complete eradication of the disease and potentially prevent the progression to cancer. The recent use of radiofrequency ablation (RFA) in this patient population has yielded encouraging short-term results. However, data for the longterm results of the treatment of nondysplastic and low grade dysplastic Barrett's esophagus are Background and study aims: It has been postulated that the endoscopic ablation of Barrett's esophagus can lead to complete eradication of the disease. This study was undertaken to evaluate the efficacy of endoscopic eradication therapy for Barrett's esophagus and the rates of recurrence of intestinal metaplasia. Patients and methods: As part of an initial randomized controlled trial, patients with nondysplastic or low grade dysplastic Barrett's esophagus underwent mucosal ablation. Following ablation, the patients had annual surveillance endoscopies. Recurrence was defined as the presence of intestinal metaplasia after initial complete eradication had been achieved. Results: A total of 28 patients with Barrett's esophagus were followed for a mean of 6.4 years after ablation therapy. At baseline, the majority of the patients had nondysplastic Barrett's esophagus (79 %). Initial complete eradication of intestinal metaplasia was achieved at a mean of 4.1 months. During long-term follow-up, initial recurrence of intestinal metaplasia was seen in 14 of the 28 of patients (50 %) at a mean of 40 months, and further maintenance ablation therapy was applied. At the final follow-up, 36 % of the patients had complete eradication of intestinal metaplasia, 18 % of the patients had intestinal metaplasia, and 21 % had died of unrelated causes; invasive esophageal adenocarcinoma had developed in 1 patient. Conclusions: The long-term results of this study demonstrate a recurrence rate of 50 % after complete eradication of Barrett's esophagus with endoscopic eradication therapy. In addition, rerecurrence (in 36 %), even after further maintenance endoscopic eradication therapy, and deaths unrelated to the disease (21 %) occurred. Complete remission of Barrett's esophagus appears to be a difficult goal to achieve. These results call into question the role of ablation in patients with low risk Barrett's esophagus.
limited. Furthermore, the rate of re-recurrence of Barrett's esophagus after continued maintenance ablation therapy has not been reported. We previously conducted a randomized controlled trial comparing the short-term efficacy of argon plasma coagulation (APC) and that of multipolar electrocoagulation (MPEC) in patients with Barrett's esophagus. In this report, we present the longterm efficacy and outcomes in this group of patients with nondysplastic and low grade dysplastic Barrett's esophagus.
Patients and methods
!
Patients and endoscopic therapy
A total of 35 patients with established Barrett's esophagus (both nondysplastic and low grade dysplastic Barrett's esophagus) underwent stratified randomization based on the length of the affected segment to undergo endoscopic eradication therapy with APC or MPEC as part of a randomized controlled trial. This was done to evaluate the two techniques of APC and MPEC. Details of the initial randomized controlled trial have previously been published [13] . Briefly, patients underwent endoscopic eradication therapy with either APC or MPEC every 4 to 8 weeks until complete eradication of intestinal metaplasia (CE-IM) or a maximum of 6 treatment sessions (• " Fig. 1 and• " Fig. 2 ). The study was approved by the local institutional review board.
Definitions and surveillance endoscopy
Barrett's esophagus was defined as the presence of columnar epithelium lining the esophagus and intestinal metaplasia on biopsy specimens. The top of the gastric folds was considered the anatomical GEJ; biopsy specimens obtained above this landmark represented those from the tubular esophagus. Following endoscopic eradication therapy, all patients underwent interval surveillance endoscopies every 6 months for the first year and annually thereafter per the study protocol. Narrow-band imaging was used to examine the length of the previously diseased esophagus to evaluate for columnar mucosa. Four-quadrant biopsy specimens were obtained from visible columnar epithelium at intervals of 1 to 2 cm. If there was no evidence of visible columnar epithelium, four-quadrant biopsy specimens were obtained from the length of the previously diseased esophagus at intervals of 1 to 2 cm. Specimens were also obtained from the cardia per the study protocol. They were placed in separate containers. An experienced gastrointestinal pathologist assessed the biopsy specimens. CE-IM was defined as the absence of columnar epithelium lining the tubular esophagus on endoscopy and surveillance biopsy specimens obtained from the length of the previously diseased esophagus showing no evidence of intestinal metaplasia.
Recurrences and management
Recurrence of Barrett's esophagus was defined as the identification on endoscopy of columnar epithelium / characteristic salmon-pink tongues in the tubular esophagus above the GEJ, with surveillance biopsy specimens of the epithelium showing evi- dence of intestinal metaplasia (• " Fig. 3 ). Any evidence of intestinal metaplasia in the cardia was not considered a histologic recurrence. The presence of any columnar epithelium, including an irregular Z line with extensions above the GEJ, was treated with mucosal ablation. Any evidence of intestinal metaplasia in the cardia was monitored with surveillance endoscopy and not treated with endoscopic eradication therapy.
Data collection and analysis
Pertinent information regarding demographics, endoscopic findings, eradication method, number of ablation sessions, surveillance biopsy findings, recurrence of Barrett's esophagus (intestinal metaplasia and dysplasia), and maintenance endoscopic eradication therapy sessions was collected from the electronic medical records. Medical management after ablation and longterm response to endoscopic eradication therapy were assessed by review of the clinical records. Recurrence was defined as the presence of intestinal metaplasia after initial complete eradication had been achieved. Recurrence of Barrett's esophagus was treated with maintenance APC ablation. The duration of followup was calculated from the time of the last endoscopic treatment in the randomized controlled trial. Normally distributed variables were summarized as mean and standard deviation (SD). Variables with a skewed distribution were reported as median and interquartile range (IQR). Percentages were used to report categorical variables.
Results
!
Patient details and initial response to ablation:
A total of 28 patients were included in this long-term follow-up study. All patients were male and 96 % were Caucasian. At enrollment, the mean (SD) age was 59.5 years (7.7). The mean (SD) length of Barrett's esophagus was 3.5 cm (1.6). Hiatus hernia was found in 93 % of patients with a mean (SD) size of 2.5 cm (0.9). At baseline, 22 of the patients (79 %) had nondysplastic Barrett's esophagus and 6 of the patients (21 %) had low-grade dysplasia. All histologic findings were confirmed by an experienced gastrointestinal pathologist. Following endoscopic eradication therapy (13 APC, 15 MPEC), all patients achieved CE-IM at a median of 4.1 months (IQR 1 -13) . The mean number of endoscopic eradication therapy sessions to achieve initial CE-IM was 3.3 (3.2 MPEC, 3.5 APC). The initial MPEC or APC treatment did not fail in any patient, and no patient was excluded from the series because of failure of treatment.
Long-term follow-up and maintenance ablation
The patients were followed for a mean of 6.4 years (SD 3.4 and IQR 11 -141 months) after CE-IM. The mean number of followup endoscopies was 6.2 (IQR 2 -12). The total number of patients lost to follow-up was 9. Excluding the patients who were lost to follow-up, the mean follow-up was 92 months (7.7 years; IQR 11 -141 months). Excluding the patients who were lost to follow-up, the mean number of follow-up endoscopies was 7.2 (IQR 2 -12). During long-term follow-up, recurrence of intestinal metaplasia was seen in 14 patients (50 %) at a mean of 40 months (IQR 11 -110). Of the 14 patients with recurrent intestinal metaplasia, 10 (71 %) subsequently achieved CE-IM after further maintenance endoscopic eradication therapy (mean of 1.4 additional sessions). However, 3 of the 10 patients with a second CE-IM (30 %) had re-recurrence of intestinal metaplasia at an average of 88 months (IQR 49 -123). Of these 3 patients with re-recurrence, 2 (67 %) had persistent intestinal metaplasia at the most recent endoscopic follow-up. The baseline diagnoses in the 14 patients with recurrence were nondysplastic Barrett's esophagus in 10 patients and low grade dysplasia in 4 patients. None of the patients had complete recurrence of the original Barrett's segment. All recurrences were in the distal esophagus; endoscopically, they appeared as small islands/tongues of columnar mucosa above the GEJ with intestinal metaplasia on biopsy specimens. No patient had buried intestinal metaplasia on surveillance endoscopy after endoscopic eradication therapy. Flowchart (• " Fig. 4 ) tracks the outcomes of the patients followed in the study. At the final follow-up, 10 of the 28 patients had CE-IM (36 %). A Kaplan -Meier curve for the recurrence of intestinal metaplasia is shown in • " Fig. 5 . There were 5 patients with persistent intestinal metaplasia. There were 2 patients with persistent intestinal metaplasia despite maintenance endoscopic eradication therapy, and 1 of them was lost to follow-up after being followed for 100 months. There were 3 patients with persistent intestinal metaplasia who did not undergo maintenance endoscopic eradication therapy. Of these, 1 patient chose not to undergo further endoscopic eradication therapy and is undergoing regular surveillance endoscopies, 1 patient died of causes other than Barrett's esophagus, and 1 patient was lost to follow-up early in the study. During the follow-up period, 6 patients (21 %) died of causes other than Barrett's esophagus/esophageal cancer. Original article E191 THIEME
Intestinal metaplasia of the cardia
Of the 28 patients, 5 (18 %) had intestinal metaplasia in the cardia on surveillance endoscopy. The baseline histology of these 5 patients before commencing endoscopic eradication therapy was nondysplastic Barrett's esophagus in 4 patients and low grade dysplasia in 1 patient. Of these 5 patients, 3 also had histologic recurrence of Barrett's esophagus, with intestinal metaplasia diagnosed by surveillance endoscopy from the biopsy specimens obtained above the GEJ.
Cancer development
EAC developed in 1 patient (3.6 %). After initial CE-IM, the patient was noted to have an irregular Z line, and intestinal metaplasia initially recurred 28 months after the completion of endoscopic eradication therapy. Subsequent surveillance biopsies continued to show persistent intestinal metaplasia. Unfortunately, this patient was lost to follow-up for surveillance endoscopy for 3 years. He finally presented for surveillance endoscopy, and EAC was diagnosed 9.4 years after he had achieved CE-IM. He subsequently underwent esophagectomy, and a T1bN0 cancer was diagnosed. There was evidence of recurrence of intestinal metaplasia during his surveillance after surgery that required 1 session of APC, but since then, there has been no recurrence of intestinal metaplasia.
Discussion
!
Although endoscopic ablation therapy for Barrett's esophagus has been used for the past several years, the long-term followup of eradication and recurrence, the role of maintenance ablation therapy, and re-recurrences after continued ablation are not clear [14] . Given the possibility of the progression of nondysplastic and low grade dysplastic Barrett's esophagus, it has been postulated that endoscopic therapy of these lesions could lead to complete eradication of the disease with the prevention of neoplastic progression. In fact, several short-term studies of patients with nondysplastic Barrett's esophagus have shown promising eradication rates with the use of RFA, APC, and MPEC.
Results of this study, which included long-term follow-up of patients from a previously conducted randomized control trial comparing APC and MPEC, showed that 50 % of patients had recurrence of intestinal metaplasia at 40 months. Nearly half of these patients with recurrence underwent further endoscopic eradication therapy, with 71 % of the patients again achieving CE-IM at a mean of 53 months; on average, 1 session of maintenance ablation was required every 3 to 4 years. However, 30 % of the patients in remission developed a second recurrence of intestinal metaplasia at a mean of 88 months. Persistent intestinal metaplasia was noted in 5 patients at a mean follow-up of 6.4 years, and EAC was diagnosed in 1 patient. Some of the earlier published studies also reported eradication and recurrence rates of nondysplastic and low grade dysplastic Barrett's esophagus in patients undergoing APC and MPEC ablation therapy. An observational study with a long-term follow-up of 10 years of 139 patients who underwent endoscopic eradication therapy with MPEC for nondysplastic Barrett's esophagus revealed that all patients achieved CE-IM after a mean of 2.8 ablation sessions. However, 5 % had a recurrence of intestinal meta- plasia within 2 years of treatment [15] . Another prospective study included 21 patients treated with APC for nondysplastic Barrett's esophagus and followed for a mean of 30 months. Although all patients achieved CE-IM initially after completion of treatment, there was evidence of recurrence of intestinal metaplasia in 66 % of the patients after a mean of 15.5 months that required maintenance APC sessions. CE-IM was achieved in only 33 % of the patients at the end of final follow-up [16] . More recently, 59 patients with either nondysplastic or low grade dysplastic Barrett's esophagus were randomized either to receive APC treatment or to undergo surveillance without treatment.
Complete endoscopic and histologic eradication was seen in 19 % of the patients in the treatment group and in 7 % in surveillance group after 7 years of follow-up [17] . Furthermore, 18 % of patients in this cohort had intestinal metaplasia in the cardia after ablation. This finding has been reported by other investigators as well, who observed intestinal metaplasia in the area of the GEJ after ablation. It is unclear if this finding can lead to dysplasia or adenocarcinoma in the esophagus [18] . Since we started using APC and MPEC for ablation, endoscopic eradication therapy has undergone significant change in the last decade. RFA is the best-studied endoscopic eradication therapy that is currently available [19] . A prospective multicenter trial looking at the durability of RFA treatment in 50 patients with nondysplastic Barrett's esophagus showed that all patients achieved CE-IM in 1 year. A 5-year follow-up revealed recurrence of intestinal metaplasia in 8 % of the patients, who required further maintenance RFA sessions [20] . However, other studies of RFA have reported recurrence rates of up to 33 % at 2-year follow-up [21, 22] . Therefore, long-term follow-up of RFA requires continued surveillance endoscopies and maintenance endoscopic eradication therapy. The strength of this study is the duration of follow-up after endoscopic eradication therapy, providing findings that contribute to the growing body of literature on long-term outcomes following such treatment. The study also has several limitations. Only a limited number of patients were followed long term, and therapy was performed at a single center. Another drawback is that ablation therapy with APC or MPEC was used, which is not currently offered in many centers and has been primarily replaced by RFA therapy. However, this should not be a major concern because the fundamental principles of endoscopic eradication therapy remain the same, and as long-term follow-up after RFA is becoming available, recurrences are being reported. One hypothesis concerning recurrence is that the recurrence of Barrett's esophagus is linked to the persistence of gastroesophageal reflux disease. Patients were prescribed twice-daily proton pump inhibitors, but compliance was not checked and pH studies were not performed. Therefore, we do not have any idea whether ongoing reflux contributed to the recurrences. Perhaps better compliance with long-term proton pump inhibitor therapy could reduce the recurrence of Barrett's esophagus. However, this issue must be explored in future trials.
In conclusion, although short-term benefits may be seen with ablation in patients with nondysplastic Barrett's esophagus, the long-term results of this study demonstrate a recurrence rate of 50 % after complete eradication of Barrett's esophagus with endoscopic eradication therapy. In addition, re-recurrence (in 36 %), even after further maintenance endoscopic eradication therapy, is possible. Up to 30 % of patients require maintenance ablation sessions (approximately 1 ablation session every 3 to 4 years) to keep the disease in remission. Finally, deaths unrelated to the disease (21 %) can occur during follow up. Complete remission of Barrett's esophagus appears to be a difficult goal to achieve. These results call into question the role of ablation therapy in patients with low risk Barrett's esophagus.
